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(57) To provide a fborine-containing resin molded 
article surface-modified by irradiating, onto a surface 
thereof, a laser beam having a wavelength of 150 to 370^ 
nm through a basic solution, preferably, an aqueous 
basic solution. The surface-modified fluorine-containing 
resin molded article is excellent in adhesion to not only 
organic materials but also metals. 
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Description 
TECHNICAL FIELD 

5 The present invention relates to techniques for surface modification of a fluorine-containing resin molded article by 
irradiation of a laser beam-to enhance its adhesion, printing properties and affinity with other compounds. 

BACKGROUND ART 

10 A fluorine-containing resin is excellent in heat resistance, chemical resistance, weather resistance and the like, and 
is used widely in the medical, electronic and chemical fields, f iekJ of precision instrument etc. 

Since the fluorine-containing resin, however, has water- and oil-repelling property and small surface activating 
energy, the fluorine-containing resin has very poor adhesion, difficulty of production of a composite material and inferior 
printing properties. 

is Therefore various techniques for modifying a surface of a fluorine-containing resin molded article have been stud- 
ied, and there have been proposed chemical etching treatment by means of a liquid ammonia/sodium solution or a 
sodium/naphthalene complex; corona dispharge treatment; plasma discharge treatment; and the like. 

Further, surface modification by pulse-irradiation of an excimer laser beam having a wavelength ranging from 95 to 
200 nm was proposed (JP-B-571 43/1 991). However, that method is such that a fluorine-containing resin molded article 

20 is pulse-irradiated in the air with the excimer laser beam having a wavelength ranging from 95 to 200 nm, and thus, its 
adhesion to an adhesive, printing ink, paint or the Gke is improved, but is not sufficient. Also though it is known that 
nearly the similar improvement in adhesion is obtained by irradiating a laser beam in an atmosphere of inorganic com- 
pound such as hydrazine gas (Niino, Vkbe et al., "Contributions II to The 65th Spring Meeting of J^>an Chemical Soci- 
ety" (1993). p252), when such a gas is used, a vacuum vessel is required, which makes a cost of an equipment high. 

25 In addition, hydrazine has toxicity and explosiveness and there is a problem with its handling. 

In addition to the above-mentioned methods, there known a method for surface-modifying an acrylic resin by irra- 
diating a laser beam in an atmosphere of gaseous or liquid.nitrogen-containing compound (JP-A-222223/1993). How- 
ever, that patent publication does not indicate any concept of making the atmosphere basic in the surface modification 
of a fluorine-containing resin molded article, arid says that the atmosphere used is preferably in gaseous form rather 

30 than in liquid form. 

It is an object of the present invention to solve the above-mentioned problems of conventional methods and to pro- 
vide a surface-modified fluorine-containing resin molded article which has enhanced adhesion not only to organic mate- 
rials such as an adhesive, printing ink and paint but also to metals. • • 

35 DISCLOSURE OF THE INVENTION 

The present invention relates to a surface-modified fluorine-containing resin molded article obtained by irradiating 
its surface with a laser beam having a wavelength of 1 50 to 370 nm through a basic solution. 

It is preferable that the above-mentioned basic solution is an aqueous basic solution. " ■ o : 
40 it is preferable that a pKb of the above-mentioned aqueous basic solution is not more than & 

It is preferable that a pKb of the above-mentioned aqueous basic solution is from 4 to 0.1. 

ft is preferable that the above-mentioned aqueous basic solution is an aqueous solution of a quaternary phospho- 
nium compound or quaternary ammonium compound represented by the formula: 

4* - > : (R 1 )3? R 9 • X e 

wherein R is an alkyl group having 1 to 20 carbon atoms, R?fe an alkyl group having 1 to 20 carbon atoms or an aralkyl 
group having 7 to 20 carbon atoms, X « an anion such as haikJe, hydroxylate, alkoxylate, carboxytate, phenoxkle, sul- 
fonate, sulfate, sulfite or carbonate, Y is nitrogen atom or phosphorus atom; a quaternary ammonium compound repre- 
ss sented by the formula: " / 

V% * (R 1 )aSR 1 ^(Ri)3.2t 

wherein R 1 and X are the same as above. R 10 is an alkylene group having 1 to 21 carbon atoms or a phenylenecfi- 
55 alkylene group having 8 to 1 2 carbon atoms; or a quaternary ammonium compound represented by the formula: 
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wherein X is the same as above. R 11 is an alkyl group having 1 to 24 carbon atoms or an aralkyl group having 7 to 20 
carbon atoms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is an electron microscopic photograph (x5.000) showing a state of a surface of a PTFE sheet before irradia- 
tion of a laser beam in Example 1 . 

Fig. 2 is a scanning electron microscopic photograph (x5,000) showing a state of a surface of a PTFE sheet after 
irradiation of a laser beam in Example 2. 

BEST MODE FOR CARRYING OUT THE INVENTION 

As a fluorine-containing resin molded article to be surface-modified in the present invention, there are exemplified 
molded articles of polytetrafluoroethylehe (PTFE), pdyvinyBderie fluoride (PVdF), tetr^luoroethylene-perfluoro(alkyl 
vinyl ether) copolymer (PFA), ethyl ene-tetraf luoroethylene copolymer (ETFE), ethylene-chlorotrifluoroethylene copoly- 
mer (ECTFE) and the like. Those polymers may contain a heat resistive resin, for example, polyamide imide (PAI). poly- 
imide (PI), polyphenylene sulfide (PPS), polyethylene sulfide (PES) or the like in an amount of not more than about 50 
% by weight. Also to those polymers may be added a known additive or processing aid such as filler, plasticizer. stabi- 
lizer, lubricant, extender, pigment dye. heat resistance improver, flame retaider. anti-oxidant. weather resistive agent, 
light absorber, surfactant, cross-linking agent anti-fogging agent moisture-proof agent and elasticity improver. 

A shape of the molded article is not limited particularly, and various shapes such as f flm, tape, sheet, plate, rod and 
fiber can be treated. A method of molding also is not limited particularly. There can be employed known molding meth- 
ods such as melt-extrusion method, casting method, compression method and calendering method. 

According to the present invention, such a fluorine-containing resin molded article is irradiatedjvith a laser beam 
through a basic solution. 

A wavelerigthrange of the laser beam to be irradiated is from(150 16 370 rtmrpreferably from 1 93 to308 rim. A laser 
beam having a wavelength exceeding 370 nm has an effect of only causing optical deterioration and thermal deteriora- 
tion of the synthetic resin molded article. Also a laser beam having a wavelength less than 150 nm is not known as a 
light source usable for industrial use. As lasers irradiating a laser beam having the above-mentioned wavelength range, 
there are for example, an excimer laser (ArF(193 nm), KrCI(222 nm), KrF(249 nm), XeO(308 nm) or XeF(350 nm)), a 
gas laser (Ar(35T.1 nm), (363.8 nm), Kr(350.7 nm), (356.4 nm) or N ? (337.1 nm)), an Nd-YAG laser (wavelength con- 
verted to 1/4(266 nm)), a semiconductor laser (ZnS(about 340 nm)), a dye laser (cumulene) and the like. From a point 
of easy handling for industrial use and from safety point of view, a solid laser is preferable, and particularly, easily avail- 
able YAG laser which has a wavelength converted to 1/4 or 1/3 is preferable 

Irradiation of a laser beam may be pulse-irradiation or continuous irradiation. Irradiation conditions vary depending 
on lasers. In case of pulse irradiation, an energy per 1 pulse is from 1 to 1,000 mJ, and the number of pulses is from 
100 to 50,000 pulses, and in case of continuous irradiation, an output of a laser is from 10 mW to 10 W. The total irra- 
diation energy thereof is conditioned on 50 J/cm 2 to 500 J/cm 2 . 

An important feature of the present invention is to carry out irradiation of the laser beam through a basic solution, 
preferably an aqueous solution thereof but not in the air. As the basic solution, there is, for example, an aqueous solu- 
tion of an inorganic basic compound such as NH4OH or a solution of an organic basic corrpound. 

As the orgapic basic compound, there is, for example, an organic phosphorus compound or organic amine com- 
pound represented by the formula (I): 
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R '\ 

9 

10 wherein Y is nitrogen atom or phosphorus atom, R 1 , R 2 and R 3 are the same or different and are hydrogen atom or an 
alkyl group having 1 to 20 carbon atoms, each may be a cycioalkyt group, two of R 1 , R 2 ^and R 3 may be bonded to form 
a ring (when the ring is formed, Y in the above-mentioned formula is nitrogen atom), or an organic amine compound 
represented by the formula (n): 

» R< R 6 

r s>-R ! -< r7 (D) 



20 

wherein R 4 , R 5 . R 6 and R 7 are the same or different and each is hydrogen atom or an alkyl group having 1 to 6 carbon 
atoms, two of R 4 and R 6 and/or of R 5 and R 7 may be bonded to form a ring. R 8 is an alkylene group having 1 to 21 
carbon atoms. ..»!.. 
25 Also there may. be used inorganic or organic acid salts thereof (in case of those organic or inorganic acW salts, Y 
in the above-mentioned formula is nitrogen atom). - • 

Further, there is a quaternary phosphonium compound or quaternary ammonium compound represented by the 
formula (m): . • 

30 

(R^Y R 9 - X . (I) 

3$ wherein Y and R 1 are the same as above. R 9 is an alkyl group having 1 to 20 carbon atoms or an araikyl group having 
7 to 20 carbon atoms, ;X is an anion such as halide- hydroxylate, alkoxylate.,carboxylatei phenc^e, .sulfonate^sulfater 
sulfite or carbonate; a quaternary ammonium compound represented by the formula (IV): 

C? (R 1 ) 3 NR 10 N(R 1 )3-2 X 9 : (IV) 



wherein R 1 and X are the same as above, R 10 is an alkylene group having 1 to 21 carbon atoms or a phenylenedi- 
45 alkylene group.having 8 to 1 2 carbon atoms; a quaternary ammonium compound represented by the formula (V): 




55 



wherein X is the same as above, R 11 is an alkyl group having 1 to 24 carbon atoms or an araikyl group having 7 to 20 
carbon atoms; a quaternary ammonium compound represented by the formula (VI): 



••'■1 
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^N^>N - R 11 • 



X 



e (VI) 



wherein R 1 1 and X are the same as above; a quaternary ammonium compound represented by the formula ( W): 

w 

.15 D 14 



R 



R 12 - N^>N^R 9 • X 6 (VH) 

, V R 13 

wherein R 9 and X are the same as, above. R 12 is an alkyl or cycloalkyl group having 1 to 20 carbon atoms or an aralkyl 
20 group having 7 to 20 carbon atoms. R 1 3 is hydrogen atom, an alkyl or cycioalky! group having 1 to 1 2 carbon atoms, an 
aryl group having 6 to 12 carbon atoms, an aralkyl group having 7 to 15 carbon atoms, an ether residue having 1 to 12 
carbon atoms, hydroxy!, carbonyi; an alkoxycarbpnyl group, an acyl group or a heterocyclic group having at least nitro- 
gen atom and/or sulfur atom, R 14 and R 15 are the same or different and each is hydrogen atom or a lower alkyl group 
having 1 to 4 carbon atoms; a quaternary ammonium compound represented by the formula ( Vffl) : 



25 



30 



35 



[. <^ e -R 16 j.X e (M) 



wherein X is the same as above, R 16 is an alkyl group having 1 to 20 carbon atoms; or a quaternary ammonium com- 
pound represented by the formula (K): * 



(K) 




40 ' 

wherein R 16 and X are the same as above, 

Among them, the compounds represented. by the formulae (ffl), (IV) and (VI) are preferable. 
Examples of the formulae (I) and (H) are organic amine compounds such as methylamine, dimethylamine, trimeth- 
ylamine, ethylamine; diethylamine. triethylamine, butyiamine/ dimetriyldodecyiamine, ethylenedianrrine and N;N,N',N'- 

45 tetramethyrtrimethylenediamine; and organic phosphorus compounds such as ethylphosphine, dimethylphosphine, 
diethylphosphtne, trim^hylphosphine anditriethylphoshine. Examples of the formulae (m) and (IV) are quaternary 
ammonium compounds su<^ as tetram vinyrtrimethylarnmo- 
nium hydroxide, tetraheptylammonium chloride, tetrabutylammonium stearate, tetramethylammonium chloride, dis- 
tearytdimethylammonjum chloride, metrtyrtrioctylarnmonium ' oxalate, benzyltrioctylammonium chloride, 

so trimethyfoenzyjammonium chloride, triethytbenzytarhmonium chloride, cHmethyldodecylbenzylammonium chloride, tri- 
ethyberuylanrnonium bromide, myristylbenzyHimetr^ chloride, dodecyttrimetrtylammonium chloride, 

cxx»nuttrimethytammonium chloride, cetyltrimethylammonium chloride, stearyttrimethylarrmionium^ 
imethylammonium chloride, Nnriethyltriethanolammonium chloride, tetrabutylammonium hydroxide, 1,4-phenytened= 
im^y1ene4)istrimetfiylarnmonium dichloride and 1.4i>henylenedimetfiylenebistriethylammonium cfichloride; and 

55 quaternary phosphonium compounds such as tetrabutylphosphonium bromide, tetrabutylphosphonium iodide, tetram- 
ethyrr^osphonium acetate, tetrabutylphosphonium hydroxide and triphenylbenzylphosphonium bromide. Examples of 
the focmula (VI) are quaternary ammonium compounds such as 8-methyl-1 ,8-diazabicyclo(5 • 4 • 0)-7-undecenium 
chloride, 8-methyM,8-diazabicydo(5 • 4 • 0)-7-undecenium iodide, 8-methyM ,8-diazabicyclo(5 • 4 • 0)-7-undecenium 
hydroxide, 8-metnyl-1 ,8-diazabicyclo(5 • 4 • 0)-7-undeceniun>methyl sulfate, 8-ethyM ,8-diazabicydo(5 • 4 • 0)-7-unde- 



■A 

is 
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cenium bromide, S-propyl-I.S-diazabicyclotSM-OJ-T-undecenium bromide, 8-dodecyt>1,8Kjiazabicyclo(5*4*0)-7- 
undecenium chloride, 8-dodecyl-1 ,8-dia2abicycIo(5 • 4 • 0)-7-undecenium hydroxide, 8-eicosyl- 1 ,8<iiazabicy- 
clo(5*4-0)-7-undecenium chloride. 8-tetracosyM ,8<liazabicydo(5 • 4 • 0)-7-undecenium chloride. 8-benzyl-1,8- 
diazabicydo^^-O^-undecenium chloride, 8-benzyM ,8-diazabicyclo(5 • 4 • 0)-7-undecenium hydroxide, 8-phene- 

5 thyl-1 ,8-cDazabicyclo(5 • 4 • 0)-7-undecenium chloride and 8-(3-phenylpropyl)-1 ,8-diazabicyclo(5 • 4 • 0)-7-undecenium 
chloride. Examples of the formula ( vn) are quaternary ammonium compounds such as 1 ,3-dimethyl-2-heptylimidazo- 
lium iodide. 1.3-dimethyl-2-nonylimidazolium iocide. 1,3-dimethyl-2-undecylimjdazolium iodide, 1,3-dimethyl-2-hepta- 
decylimidazolium chloride, lKjodecyl-2 ( 3<iimethyIimiclazoliunvp-toluene sulfonate. 1 -tetradecyl-2,3-dimethyI- 
imidazolium hydroxide, 1-dodecyl-2-undecyl-3-methyIimidazolium methyl sulfate and 1 -vinyl-2-methyl-3-dodecylimida- 

10 zolium chloride. Examples of the formula ( YIH) are quaternary ammonium compounds such as laurylpyridinium chlo- 
ride and hexadecylpyridinium chloride. Examples of the formula (DC) are quaternary ammonium compounds such as 
laurytisoquinolinium chloride. 

As the basic solution used in the present invention, there are exemplified an aqueous solution of an inorganic basic 
compound or a solution of an organic basic compound. Examples of the aqueous solution of the inorganic basic com- 

15 pound are the above-mentioned aqueous solution of NH 4 OH and the like. Examples of the solutions of the organic 
basic compound are aqueous or non-aqueous solutions of the above-mentioned organic amine compound, organic 
phosphorus compound, quaternary ammonium compound and quaternary phosphonium compound (for example, solu- 
tion of. alcohol such as methanol or ethanol). Also the above-mentioned basic compounds may be used as they are 
when they are in the form of liquid. Among them, aqueous solutions of the quaternary ammonium compounds and qua- 

20 ternary phosphonium compounds are preferable from points of high basicity and good handling property. 

With respect to basicity of the basic solution, it is desirable that a pKb of Hs aqueous solution is not more than about 
5, preferably about 4 to 0.1. 

As a treating method, for example, the basic solution is filled in a vessel made of quartz, and the fluorine-containing 
resin molded article to be treated is completely clipped therein. The vessel is placed on a movable! table, and the table 
25 is moved while the laser beam is irradiated from the above to modify a desired region on a surface of the fluorine-con- 
taining resin molded article. 

The surface-modified fluorine-containing resin molded article of the present invention not only has more enhanced 
adhesion to an adhesive, printing ink and paint but also can obtain good adhesion to metals: Therefore, in producing a 
fluorine-containing resin printed circuit for high frequency in an electronic industry, metal wiring can be provided directly 
30 on the circuit by pattern irradiation of the laser beam to the fluorine-containing resin molded article and then electroless 
plating of a metal. 

The present invention is explained in the following by means of Examples, but is not limited thereto. 
Example 1 

35 

A PTFE sheet (tradename Polyflon available from Daikin Industries, Ltd.) was placed in a quartz chamber f Died with 
5 % by weight of aqueous solution (pKb: 0.2) of tetramethylammonium hydroxide, and then after the chamber was 
sealed with a quartz plate. 2,000 pulses of a. laser beam having a wavelength of 266 nm were irradiated by using an 
Nd:YAG laser with an energy of 40 mJ/1 pulse/ 1 .1 cm 2 . • 

40 Surface condition of the obtained surface-modified PTFE sheet was examined with a scanning type electron micro- 
scope (SEM, x5.000). Fig. 1 is a photograph showing the surface condition before the irradiation of the laser beam, and 
Fig. 2 is a photograph showing the surface condition after the irradiation of the laser beam, tt is seen from those photo- 
graphs that surface roughness of the surface-modified PTFE sheet (Fig: 2) is enhanced as compared with the untreated 
sheet (Fig. 1): • -r. • ' \ .- 

45 Then the surface-modified PTFE sheet was plated with copper through electroless plating method under the follow- 
ing conditions. - : . ^ -1 

The surface-modified PTFE sheet was washed with water, and then activated with an activating solution comprising 
palladium, tin and hydrochloric acid (0:5 g/!iter of palladium, 12 g/liter of tin, 160 g/liter of 36 % hydrochloric acid). Then 
the sheet was washed with water and dipped at 70°C for 90 minutes in an electroless plating solution of copper having 

so pH of about 12 (GuS0 4 •5H 2 0: 12 g/liter, 37 % formalin: 6 ml/liter, NaOH: 12 g/liter, EDTA (2Na): 35 g/liter) to cany out 
electroless copper plating. 

Copper adherecfto the who! e surface of the copper plated PTFE sheet. The sheet was then subjected to ultrasonic 
cleaning in water at room temperature for one minute. Copper on the surface where the laser beam was not irradiated 
was easily peeled off. but the surfac irradiated with the laser beam was not peeled off. 
55 Furthermore, when the through hole was formed on the copper-plated PTFE sheet, there occurred no crack on the 
copper plating layer. 



1 
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Example 2 

A surface of a PTFE sheet was modified in the same manner as in Example 1 except that 2,000 pulses of a laser 
beam was irradiated with an energy of 35 mJ/1 pulse/1 .05 cm 2 . 
5 To examine hydfophilic property of the surface-modified PTFE sheet, a contact angle with water was measured. 
The measured advancing contact angle and receding contact angle were 80° and 35° , respectively, which showed the 
fact that the hydrophilic property of the sheet was enhanced. 

- In measurement of the contact angle, a water droplet of 1.5 mm in diameter was made with a microsyringe and was 
brought into contact with a surface of the surface-modified PTFE sheet to transfer the water droplet on the surface of 
10 the PTFE sheet Then the sheet was inclined slowly, and the contact angles at the side of an advancing direction and 
. a receding direction of water droplet were . measured as an advancing contact angle and a receding contact angle, 
respectively, when the water droplet begins to slide. 

Example 3 

15 

A sheet surface-modified under the same conditions as in Example 1 was subjected to electroless nickel plating 
under the following conditions 

The surface-modified PTFE sheet was washed with water, and then activated with an activating solution comprising 
palladium, tin and hydrochloric acid (0.5 g/lrter of palladium, 12 g/liter of tin, 1 60 g/liter of 36 % hydrochloric acid). Then 
20 the sheet was washed with water and dipped at 70°C for 90 minutes in an electroless plating solution of nickel having 
pH of about 5 (Nickel chloride: 30 g/liter, acetic acid: 30 g/liter, sodium hypophosphite: 10 g/liter, ammonium acetate: 
38.8 g/liter) to carry out electroless nickel plating. 

Nickel adhered to the whole surface of the nickel plated PTFE sheet. The sheet was then subjected to ultrasonic 
cleaning in water at room temperature for one minute. Nickel on the surface where! the laser beam was not irradiated 
25 was easily peeled off, but the surface irradiated with the laser beam was not peeled off. 

Example 4 

An ETFE sheet (Thickness: J 00 jim) (tradename Neoflon ETFE available from Daikin Industries, Ltd.) was placed 
30 in a quartz chamber f Died with 5 % by weight of aqueous solution (pKb: 0.2) of tetramethylammdnium hydroxide, and 
then after the chamber was sealed with a quartz plate, 2,000 pulses of a laser beam having a wavelength of 266 nm 
were irradiated by using an Nd:YAG laser with an energy of 41 mJ/1 pulse/ 1 .2 cm 2 . , 

Corrtart angles with water on the surface of the irradiated portion of the sheet were measured in the same manner 
as in Example 2. An advancing contact angle and a receding contact angle were 81 ° and 43° , respectively 

35 

Example 5 

A PTFE sheet was surface-modified in the same manner as in Example 1 except that basic solutions shown in 
Table 1 were used. The obtained surface-modified PTFE sheet was subjected to electroless copper plating in the same 
40 manner as in Example 1 , and adhesion of the copper plating layer was examined in the same manner as in Example 1 . 
The results are shown in Table 1. 



45 



so 



55 



I. 



) . 
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Table 1 



5 




Aqueous basic solution 


plating layer by ultra- 
sonic cleaning 


plating layer when 
through hole was 
formed 




Experiment No. 5-1 


(CH 3 )NH30H 


(pKb3.4) 


No peeling off occurred 
on irradiated portion. 


Very slight crack 
occurred. 


10 


Experiment No. 5-2 


(CH 3 ) 2 NH 2 OH 


(pKb3.3) 


No peering off occurred 
on irradiated portiori. 


Very slight crack 
occurred. 




Experiment No. 5-3 


(CH 3 ) 3 NHOH 


(pKb4.3) 


No peeling off occurred 
on irradiated portion. 


SOght crack occurred. . 


15 


Experiment No. 5-4 


(C2Hs)3NHOH 


(pKb3.3) 


No peeling off occurred 
on irradiated portion. 


Very slight crack 
occurred. 




Experiment No. 5-5 


Aqueous ammonia 


(pKM.8) 


No peeling off occurred 
on irradiated portion. 


Sfight crack occurred. 


20 


Experiment No. 5-6 


(C 4 H9)4NF 


(•) 


No peeling off occurred 
on irradiated portion. 


No crack occurred. 




Experiment No. 5-7 


(C 4 Hg) 4 POH 


(-) 


No peeling off occurred 
oh irradiated portion. 


No crack occurred. 


25 


Experiment No. 5-8 


8-Benzyl-1,8-diazabicy- 
clo{5*4»0)-7-unde- 
cenium chloride 


/ (0 


No peeling off occurred 
on irradiated portion. 


No crack occurred. 



Example 6 

30 

A PTFE sheet was surface-modified in the same manner as in Example 1 except that a laser beam generated with 
a laser shown in Table 2 and having a wavelength shown in the same table was used. 

The obtained surface-modified PTFE sheet was subjected to electroless copper plating in the same manner as in 
Example 1 , and adhesion of the copper plating layer was examined in the same manner as in Example f. The results 
35 are shown in Table 2. 



Table 2 



40 


t 


Laser beam 


Peeling off of copper plating layer by ultrasonic 
cleaning 






Laser 


Wavelength (nm) 






Experiment No. 6-1 


Excimer laser (ArF) 


193 


No peeling off occurred on irradiated portion. 


45 


Experiment No. 6-2 


Nd-YAGX 1/3 


355 


No peeling off occurred on irradiated portion. 



Comparative Examples 1 and 2 

A surface of a PTFE sheet was modified in the same manner as in Example 1 except that a laser beam was irracfi- 
so ated in an atmosphere shown in Table 3 but not through a basic solution. 

The obtained PTFE sheet was subjected to electroless copper plating under the same conditions as in Example 1 . 
There occurred peeling off of copper easily or partially by the ultrasonic cleaning even on the surface irradiated with the 
laser beam. 

55 Comparative Example 3 

After a PTFE sheet was put in a vacuum chamber made of quartz and the chamber was evacuated, ammonia gas 
was introduced until the pressure reaches 500 mmHg. Then a laser beam was irradiated in the sam manner as in 
Example 1. the resulting PTFE sheet was subjected to electroless copper plating in the same manner as in Example 
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1. Copper even on the irradiated portion was peeled off easily by the ultrasonic cleaning. 



Table 3 





Atmosphere 


Peeling off of copper plating , 
layer by ultrasonic cleaning 


Com. Ex.1 
Com. Ex.2 


Pure water 

Aqueous solution of boric acid (5 % by weight) 


Peeling off occurred easily. 
Peeling off occurred easily. 



INDUSTRIAL APPLICABILITY 

According to the present invention, not only enhancement of adhesion to organic materials but also provision of 
adhesion to metals, which could not be obtained hitherto by laser beam irradiation, can be made. 

Claims 

1 . A surface-modified fluorine-containing resin molded article obtained by irradiation of a laser beam having a wave- 
length of 150 to 370 nm through a basic solution onto a surface of a fluorine-containing resin molded article. 

2. The surface-modified fluorine-containing resin molded article of Claim 1 , wherein said basic solution is an aqueous 
bas*c solution: . ! \ '/ ;-V' ; .... .f /" • . ', 

3. The surface-modified f lupnne-containing resin molded article of Claim 2, wherein a pKb of said aqueous basic solu- 
tion is not more than 5; ..' < . : - / •> -/V 

4. The surface-modified f luorin^cdh^riihgr^ih molded article of Claim 2, wherein a pKb of said aqueous basic solu- 
tion is from 4 to 0.1. v ^ f "V : ^ , . ' ■ / ■ 

5. The surface-modified fjupqh^rrtairt article of Claim 2, wherein said aqueous basic solution is an 
aqueous solution of a quaternary phosphqnium jforr^und or quaternary ammonium compound represented by 

. the formula: y ' ; . ^.^V ~ r ' ' • ' ^ " 

wherein R 1 is an alkyl group having 1 to 20 carbcni aitoms, R 9 is an alkyl group having 1 to 26 carbon atoms or an 
aralkyl group having Zl^Crqaw^ aitoxylate, carbbxylate. phe- 

noxide, sulfonate, sulfate, sulfite ^ oilc^bc^tei Y is nrtr^eri atom or prK^brum atom; a quaterhWy-ammonium 
compound represented by the formula: ; / 

wherein R 1 and X are the same as above, Rl° is an alkylene group having 1 to 21 carbon atoms or a phenyfenedi- 
alkylene group having 8 to 12 carbon atoms; or a quaternary ammonium compound represented by the formula: 




wherein X is the same as above, R 11 is an alkyl grotp having 1 to 24 carbon atoms or an aralkyl group having 7 to 
20 carbon atoms. 
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